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ABSTRACT We showed previously that Met deficiency
at 0.25% of the diet causes elevations in plasma triiodothy-
ronine (T3) in broilers. In the present study, plasma levels
of thyroid hormones as well as insulin-like growth factors
(IGF)-I and -II were measured in chicks fed 3 deficient
levels of total Met. Control (0.5%) and Met-deficient diets
(0.4, 0.3, and 0.2%) were fed to male broilers from 8 to
22 d of age. Additional groups of control chicks were
pair-fed with the Met-deficient ones. Chicks receiving
0.4% Met increased feed intake by 10% with no significant
change in body weight. The more severe Met deficiencies
of 0.3 and 0.2% caused graded reductions in feed intake
and weight gain. However, corresponding pair-fed con-
trol chicks were significantly heavier. These changes sug-
gest more marked alterations in metabolic processes with
0.3 and 0.2% Met than with 0.4% Met. Liver weights were
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INTRODUCTION

In regions where soybeans are the primary protein-
aceous component of poultry rations, Met is the first
limiting essential amino acid (EAA). Its need in poultry
rations for growth has been studied extensively (Wicker,
1990; NRC, 1994), although there is considerable dis-
agreement as to factors that influence its dietary require-
ment (NRC, 1994). Many aspects of a Met deficiency on
avian metabolism have been studied such as its interac-
tion with choline, betaine, folic acid, and vitamin B12 as
well as effects on the immune system. More extensive
studies in mammalian species have been reviewed (Fin-
kelstein, 1990).

Very few studies have been done on the effects of Met
deficiency on the avian endocrine system. Carew et al.
(1997) reported that plasma levels of triiodothyronine
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heavier in chicks fed 0.3 and 0.2% Met but not 0.4%.
Plasma T3 was higher in all deficient chicks compared
with the free-fed control, which was significant only with
0.3% Met. However, with 0.3 and 0.2% Met, plasma T3

was significantly elevated compared to pair-fed controls.
Plasma thyroxine (T4) was lower in all deficient groups,
which was significant only with 0.2% Met, whereas no
significant differences occurred between deficient chicks
and their pair-fed controls. Plasma IGF-I levels were not
significantly different, but they were consistently lower
in deficient chicks and deserve further study. Plasma IGF-
II was significantly less in chicks fed 0.2% Met compared
to pair-fed controls suggesting that Met deficiency inter-
feres with IGF-II metabolism. We concluded that a deficit
of dietary Met altered plasma T3 and IGF-II levels, but
the effect was dependent on the degree of deficiency.

(T3) were elevated in 3-wk-old broilers given 50% of the
Met requirement (0.25% of diet) compared with pair-
fed controls given equal amounts of feed. Thyroxine (T4)
was not significantly changed. This experimental design
took into account the depressive effects of the Met defi-
ciency on feed intake. Deficiencies of Arg, Lys, and Ile
but not other EAA showed similar effects. Therefore,
earlier results showing that T3 is elevated in protein-
deficient chicks (Alster and Carew, 1984; Keagy et al.,
1987) could not be explained by a common effect of
individual EAA deficiencies on thyroid hormone me-
tabolism.

Insulin-like growth factors (IGF) have not been stud-
ied in Met-deficient chickens. Calorie and protein defi-
ciencies, however, do have an effect on these hormones,
albeit differential. Chickens consuming a low protein
diet exhibit depressed plasma IGF-I levels, which return
to normal on restoration of dietary protein (Lauterio

Abbreviation Key: EAA = essential amino acid; IGF = insulin-like
growth factor; IGFBP = insulin-like growth factor binding protein; T3
= triiodothyronine; T4 = thyroxine.
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and Scanes, 1988; Rosebrough et al., 1989; Rosebrough
and McMurtry, 1993). Feeding low protein diets, how-
ever, does not alter tissue IGF-I mRNA activity (Kita et
al., 1996). During short-term fasting, serum or plasma
levels of IGF-I are depressed and remain low on refeed-
ing (Kim et al., 1991; Beccavin et al., 2001) or return
totally to normal (Kita et al., 1996). In addition, IGF-I
mRNA is depressed during fasting (Beccavin et al.,
2001). IGF-II has been reported to decrease (Beccavin
et al., 2001) or increase (McMurtry, 1998) during feed
withdrawal but is restored to normal on refeeding. IGF-
I seems to be more sensitive to dietary restriction than
IGF-II, and dietary manipulation can variably affect the
various IGF binding proteins (IGFBP) (Leili and Scanes,
1998; Beccavin et al., 1999; Caperna et al., 1999; Kita et
al., 2002).

In early work with rats (Bolze et al., 1985), Met defi-
ciency was shown to reduce serum somatomedin (mea-
sured using the embryonic chick pelvic rudiment
method). More recently, protein deficiency (see reviews
by Thissen et al., 1994; Ketelslegers et al., 1995) and Met
deficiency have been shown to depress plasma IGF-I
levels in rats but to have no effect on hepatic IGFBP-1
mRNA content or plasma levels of IGFBP-1 (Ammann
et al., 2000; Takenaka et al., 2000).

In our earlier work only the effect of severe Met defi-
ciency (0.25% of the diet) on thyroid function in growing
chicks was measured. Therefore, the purpose of the pres-
ent experiment was to determine the effect of borderline
and marked Met deficiencies on thyroid function and
to include IGF hormones as added parameters.

MATERIALS AND METHODS

Bird Management

One-day-old male broiler chicks2 (175) were housed in
electrically heated, starter battery brooders with raised
wire floors and internal lighting. Birds were fed a control
diet complete in all nutrients including EAA (Table 1).
At 8 d of age the chicks were sorted into groups with
weight ranges of 3 to 5 g. They were then evenly distrib-
uted into 21 pens of 7 chicks each (147 total chicks). High
and low weight extremes were eliminated. Triplicate
groups of chicks were used per treatment. Initial pen
weights at 8 d were similar for all 21 pens (188 ± 1 g).
The treatments were a control (0.5% total Met) and 3
deficient levels of total Met (0.4, 0.3, and 0.2%).

Groups of control chicks were pair-fed with deficient
chicks by matching a pen of chicks fed the control diet
with one of the deficient pens. Control feed was pro-
vided once daily to the pair-fed group at 0800 h, which
was the same amount as eaten by the Met-deficient
chicks the previous day. This method was followed to
account for the effect of differences in feed intake be-

2Hubbard Farms, Walpole, NH.
3Clinical Assays, Cambridge, MA.

TABLE 1. Composition of broiler starter diet1

Ingredient %

Yellow corn meal 51.07
Soybean meal (dehulled) 35.40
Soybean oil 4.00
Poultry blend meal 3.00
Alfalfa meal 1.00
Distiller’s dried grains 2.00
Dicalcium phosphate 1.30
Limestone 1.10
Salt 0.40
Vitamin mix2 0.50
Trace mineral mix3 0.10
DL-Methionine 0.13

1Contained (by calculation) 24.4% protein and 3,148 kcal/kg metabo-
lizable energy. As percentages, arginine, 1.60; cystine, 0.47; glycine +
serine, 3.02; histidine, 0.63; isoleucine, 1.00; lysine, 1.31; methionine,
0.51; phenylalanine, 1.15; threonine, 0.90; tryptophan, 0.28; tyrosine,
0.94; valine, 1.13.

2Supplied (mg/kg diet) riboflavin, 4.4; D-pantothenic acid Ca-salt, 8.8;
niacin, 20; choline, 322; menadione, 2; vitamin E, 11; vitamin B12, 0.01;
ethoxyquin, 33; and vitamin A 5,200 IU/kg; vitamin D3 1,000 IU/kg.

3Supplied (mg/kg diet) Fe, 40, as FeSO4�7H2O; Mn, 75, as MnSO4�H2O;
Zn, 60, as ZnO; Cu, 4, as CuSO4�5H2O; I, 0.86, as KIO3; Se, 0.10, as
Na2SeO3; Ca, 136, as CaCO3.

tween the control group given free access and the defi-
cient groups. Brooder temperatures were wk 1, 35°C;
wk 2, 32°C; and wk 3, 29°C. Room temperature was
maintained between 23 and 26°C. Water was given
freely and a cycle of 16L:8D was used. The experimental
period lasted 2 wk, from 8 to 22 d of age.

Diets and Experimental Design

The nutritionally complete control diet used during
the 14-d experiment consisted of a 50:50 mixture of a
broiler starter diet (Table 1) and a purified amino acid
diet (Table 2) slightly modified from Scott et al. (1982).
It contained 24% protein and the NRC (1994) recom-
mended level of 0.5% total Met. Methionine-deficient
diets (0.4, 0.3, and 0.2% total Met) were formulated by
deleting appropriate amounts of Met from the purified
portion of the mixed diet and replacing it with sucrose.
This type of diet was advantageous, as it would allow
for the study of other amino acid deficiencies using the
same control diet.

Blood Samples, Hormone Assays,
and Statistics

At 22 d, blood was drawn from each chick by side
heart puncture between 1000 and 1300 h and placed into
heparinized tubes. The tubes were centrifuged at 1,800
× g for 15 min to obtain plasma, which was frozen for
later analysis. Plasma total T3 and T4 levels were ana-
lyzed by RIA,3 which had been validated as described
previously (Carew et al., 1997). Specificity of the assays
for T3 and T4 had been established by the supplier. Intra-
and interassay CV were 6.04 and 9.71% for T3 and 13.29
and 7.80% for T4, respectively. IGF-I and -II were ana-
lyzed by homologous RIA (McMurtry et al., 1994, 1997).



CAREW ET AL.1934

TABLE 2. Composition of purified amino acid diet1

Ingredient %

Sucrose 59.377
Amino acid mix2 23.640
Mineral mix3 8.270
Soybean oil 5.000
Cellulose (Solka-Floc)4 3.000
Vitamin mix5 0.500
Choline chloride (70%) 0.200
Ethoxyquin6 0.013

1Equivalent to 24% protein.
2Supplied (L-isomers except methionine and glycine) as percentage of

diet: tryptophan, 0.22; histidine HCl, 0.41; tyrosine, 0.63; phenylalanine,
0.68; methionine, 0.55; cystine, 0.35; threonine, 0.65; leucine, 1.20; isoleu-
cine, 0.80; valine, 0.82; glycine, 1.60; proline, 1.00; lysine HCl, 1.40;
arginine HCl, 1.33; glutamic acid, 12.00.

3Supplied (g/kg diet) CaHPO4, 27; CaCO3, 11; NaHCO3, 15; KH2PO4,
9; NaCl, 8.8; MnSO4�H2O, 0.70; FeSO4�7H20, 0.5; MgSO4�H2O, 3.5; KIO3,
0.0025; CuSO4�5H2O, 0.03; H3BO3, 0.009; ZnO, 0.105; CoCl3�6H2O, 0.002;
NaMoO4�2H2O, 0.009; Na2SeO3, 0.0002.

4Brown Co., Berlin, NH.
5Supplied (mg/kg diet) riboflavin, 15; D-pantothenic acid Ca-salt 50;

niacin, 100; pyridoxine, HCl, 15; thiamin, HCl, 15; folacin, 6; biotin, 0.5;
vitamin B12, 0.05; menadione Na bisulfite (63 to 75%), 5; DL-α-tocopheryl
acetate (250 IU/g), 200; vitamin A (500,000 IU/g), 19.5; cholecalciferol
(1,000,000 IU/g), 4.8.

61,2′-dihydro-6-ethoxy-2,2,4- trimethylquinoline, Solutia, St. Louis,
MO.

Intra- and interassay CV were 2.39 and 4.67% for IGF-
I and 3.02 and 4.89% for IGF-II, respectively.

Data were analyzed using the general linear models
ANOVA with P ≤ 0.05 considered significant (SAS,
1990). Means were compared with Duncan’s multiple
range test (Duncan, 1955).

RESULTS AND DISCUSSION

When total dietary Met was fed at levels below the
NRC (1994) recommendation of 0.5% (0.4, 0.3, and 0.2%),
a significant decrease in feed intake was observed only
with 0.3 and 0.2% Met, and the latter was the most severe
(Table 3). To the contrary with the mild deficiency of
0.4%, there was a significant increase in feed intake com-
pared with the free-fed control. Weight gain was not
affected until the Met level reached 0.3% or less (Table

TABLE 3. Feed intake, growth rate and liver weights of male broilers deficient in methionine1

Dietary Feed Weight Feed
methionine intake gain efficiency Liver Liver
treatment (g) (g) (gain/feed) (g) (g/kg of BW)

Control 0.5% free-fed 920bc 693a 0.75a 27.6a 29.6c

Deficient 0.4% free-fed 1,004a 734a 0.73ab 26.5a 29.2c

Control 0.5% pair-fed 938ab 697a 0.74a 26.3a 30.2bc

Deficient 0.3% free-fed 851c 513c 0.60c 23.9b 32.9ab

Control 0.5% pair-fed 846c 596b 0.70c 23.9b 31.3abc

Deficient 0.2% free-fed 448d 179e 0.40d 12.6c 34.1a

Control 0.5% pair-fed 488d 293d 0.60c 12.3c 26.2d

Pooled standard deviation 44 34 0.02 3.1 3.4

a–eMeans within a column lacking a common superscript are significantly different (P < 0.05).
1The experimental period was 8 to 22 d of age. Feed and weight gain data represent triplicate groups of 7

chicks each. Liver data represent 12 observations per treatment.

3). The exact requirement for Met in relation to that
set by the NRC (1994) at 0.5% is open to considerable
question. As discussed in the NRC (1994) report, of the
studies done on Met requirements of broilers 0 to 21 d
of age, 2 research groups found it to be higher, 4 found
it to be about the same, and 2 found it to be lower. Our
results during the 8- to 22-d period suggest that 0.4%
dietary Met is sufficient for optimum growth. However,
we interpret the small but significant increase in feed
intake by chicks fed 0.4% Met as an indication that this
level is still deficient, and chicks compensate for the
deficiency by overeating. Therefore, our observations
suggest that for the 8- to 22-d period with the diet used,
a dietary level greater than 0.4% Met is needed and
approaches the listed NRC requirement of 0.5% Met for
chicks 0 to 3 wk of age.

An increase in food intake in the absence of a change
in weight gain by chicks fed a borderline deficiency of
Met confirms earlier results (Carew and Hill, 1961; Sekiz
et al., 1975). Then and now, this finding is interpreted
to mean that chicks marginally deficient in Met overeat
slightly to consume the adequate amounts of Met
needed. This increased feed intake does not cause an
increase in weight gain because the added caloric intake
is converted to body fat, which replaces body water
(Carew and Hill, 1961). Thus, with a borderline Met
deficiency of 0.4%, feed intake is increased, but body
protein synthesis is decreased, and the surplus calories
are shunted into fat synthesis. These changes are not a
consequence of alterations in energy utilization due to
changes in metabolizable energy value of the diet (i.e.,
absorbability) or in the efficiency of energy processing
(Carew and Hill, 1961). A similar situation exists when
there is a marginal protein deficiency in growing broilers
(Keagy et al., 1987).

Comparisons of growth data between chicks more
deficient in Met (0.3 and 0.2%) and their matched, pair-
fed controls (Table 3) strongly suggest that marked
changes in metabolism had occurred. At these 2 dietary
levels of Met, matched chicks pair-fed the control diet
gained much more weight than the deficient chicks. This
could be a result of further increases in fat synthesis at
the expense of body protein synthesis in the deficient
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TABLE 4. Blood plasma levels of thyroid hormones and insulin-like growth factors (IGF)
in male broilers deficient in methionine1

Dietary
methionine T3 T4 IGF-I IGF-II
treatment (ng/mL) (µg/dL) (ng/mL) (ng/mL)

Control 0.5% free-fed 2.82bc 3.98a 36.7a 29.9b

Deficient 0.4% free-fed 3.28ab 3.68ab 39.8a 32.0ab

Control 0.5% pair-fed 2.85bc 3.74ab 36.6a 30.8b

Deficient 0.3% free-fed 3.59a 3.63ab 32.2a 34.5ab

Control 0.5% pair-fed 2.97b 3.73ab 37.2a 34.5ab

Deficient 0.2% free-fed 3.21ab 3.58b 25.0a 31.0b

Control 0.5% pair-fed 2.40c 3.97ab 33.7a 39.8a

Pooled standard deviation 0.61 0.48 27.9 10.8

a–cMeans within a column lacking a common superscript are significantly different (P < 0.05).
1The experimental period was 8 to 22 d of age. Each value is the average of 14 to 15 samples taken at 21 d

of age.

chicks, as we have suggested with 0.4% Met, and which
is supported by our earlier work. However, increases
in catabolism and heat loss cannot be excluded. Sekiz
et al. (1975) observed increased heat production in
chicks fed a severely deficient level of 0.25% Met but
not at 0.32%.

The overall result of these changes in feed intake and
weight gain was that the ratio of weight gain to feed
intake decreased significantly only with 0.3 and 0.2%
Met (Table 3), and it was significantly worse with
0.2% Met.

Changes in liver weight are often an index of various
nutrient deficiencies, including protein. We found that
average liver weight was not altered at the dietary level
of 0.4% Met but decreased with 0.3 and 0.2% Met, very
markedly in the latter case (Table 3). However, when
expressed in relation to BW (relative weight), liver
weights were not changed at 0.4% Met but increased
with the more severe deficiencies. There was no signifi-
cant difference between 0.3 and 0.2% Met.

On the other hand, chicks fed the control diet but
given the same amount of feed as the deficient chicks
(i.e., pair-fed) showed no change from the free-fed con-
trols (0.3% Met) or actually showed a decrease in liver
weight relative to BW. This finding means that reduced
feed intake actually causes no change or causes a reduc-
tion in relative liver weights, whereas Met deficiency
causes an enlargement. This result demonstrates that
Met deficiency has a specific effect on relative liver
growth apart from any effect that can be attributed to
the depressive effect of Met deficiency on feed intake.

A deficiency of a balanced mixture of EAA produces
the same effect and can be attributed, in part, to an
accumulation of liver fat (Velu et al., 1971). Fatty livers
seem to be a common occurrence in chicks and other
animals fed deficient levels of protein (Velu et al., 1971;
Keagy et al., 1987). Therefore, like a protein deficiency,
a Met deficiency causes an increase in liver size probably
due to an increase in fat content, although that was not
measured in this study.

Plasma T3 in the Met-deficient chicks showed an in-
verted U relationship compared to the free-fed control
(Table 4). It was not significantly different at 0.4% Met,

increased significantly at 0.3% Met, but then decreased
to control level again as Met declined further to 0.2%.
This result agrees with our earlier results that showed
elevated plasma T3 with a single Met deficiency at 0.25%
of the diet (50 % of the NRC 1994 recommendation) and
further shows that when the deficiency is even more
severe, plasma T3 will return to the level in the free-fed
control chicks. Of greater importance, however, are the
plasma T3 comparisons between deficient chicks and
their matched, pair-fed controls. We found no significant
difference at the 0.4 % Met level, but with 0.3 and 0.2%
Met, plasma T3 levels were significantly higher than in
their pair-fed controls. This comparison is proper as it
takes into account any effects of reduced feed intake on
plasma T3 values.

It has been shown in several species including chick-
ens (Alster and Carew, 1984; Keagy et al., 1987) and rats
(Glass et al., 1978; Tyzbir et al., 1981) that plasma T3

will decrease in response to restricted feed intake or
fasting. We observed this decrease in the present study
with the most severe Met deficiency. Thus when prop-
erly compared with control chicks fed the same reduced
amount of feed, plasma T3 is always higher in deficient
chicks (i.e., it does not decrease as much as expected on
the basis of reduced feed intake alone). We interpret
this finding to mean that the Met deficiency increases
the production or release of T3 into the blood or inhibits
its normal removal compared with control chicks con-
suming the same amount of feed. This may operate
through inhibited synthesis of a key protein involved
in the metabolism or turnover of T3 due to lack of suffi-
cient Met for polypeptide synthesis. From studies re-
ported with protein deficiencies in chicks or rats, it has
been suggested that elevated T3 may be a consequence
of increased secretion rate and activity of the thyroid
gland (March et al., 1964; Tulp et al., 1979), slower clear-
ance of T3 from the blood (Hutchins and Newcomber,
1966), or alterations in plasma-binding capacity of the
blood and changes in receptor binding or affinity (Refet-
off et al., 1970; Smallridge et al., 1982; Rouaze-Romet et
al., 1992), among others. Enhanced conversion of T4 to
T3 due to increased hepatic or renal 5′-deiodinase activ-
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ity does not seem to occur with a protein deficiency in
rats (Smallridge et al., 1982) or chicks (Weyland, 1993).
However, in the absence of direct data with Met and in
view of many other roles of Met in animals (Finkelstein
et al., 1982; Hawrylewicz and Huang, 1992), other mech-
anisms of an unknown nature may be involved. Never-
theless, based on the T3 data, it is certain that Met defi-
ciency alters normal thyroid hormone metabolism.

Plasma T4 was minimally affected by the Met defi-
ciency (Table 4). Compared with free-fed control chicks,
T4 was significantly lower in those fed the most deficient
level of 0.2% Met, but there was no significant difference
between these chicks and their pair-fed controls. Thus,
the possibility exists that the lower T4 in chicks fed 0.2%
dietary Met is simply a consequence of a reduction in
feed intake. This finding agrees with our earlier results
when a single deficient level of 0.25% was fed (Carew
et al., 1997).

Plasma IGF-I levels were not significantly altered by
Met deficiency or reduced feed intake (Table 4). The
lack of effect of lower feed intake on plasma IGF levels
in the pair-fed chicks on restricted levels of the control
diet is contrary to observations by others who reported
a decrease in blood IGF-I during fasting (Kim et al.,
1991; Kita et al., 1996; Beccavin et al., 2001). However,
fasting conditions are very different from the situation
in this study (fed state), which may indicate that some
minimal level of feed intake is sufficient to maintain
near normal circulating IGF-I levels. It is also possible
that small differences in the balance of EAA between
commercial-type diets used by others and our 50:50 mix
of commercial-type and purified diets played a role.

Although the balance of EAA in both types of diets
is adequate for full-fed chicks, little is known about the
balance of EAA needed for optimal performance under
conditions of restricted feeding. No studies of plasma
IGF have been reported in Met-deficient chicks before
the present study. Although there were no significant
differences in IGF-I values between chicks fed the con-
trol diet and Met-deficient chicks, numerically IGF-I val-
ues for the deficient chicks were lower. Because Met
deficiency in rats causes a reduction in plasma IGF-I
values (Takenaka et al., 2000), our results, although not
significant, suggest that further study of this relation-
ship should be done.

Plasma IGF-II values of control chicks pair-fed with
the 0.2% Met-deficient chicks were significantly higher
than the free-fed controls (Table 4). None of the other
IGF-II values was significantly different from the free-
fed control. The only other significant difference was
between the 0.2% Met group and its pair-fed control,
with the Met-deficient values being lower. IGF-II has
been reported to decrease (Beccavin et al., 2001) or in-
crease (McMurtry et al., 1998) during feed withdrawal.
Our observation agrees with the latter. That IGF-II levels
in deficient chicks fed 0.2% Met did not rise along with
the matched, pair-fed controls, even though they con-
sumed the same reduced level of feed, suggests the Met
deficiency interfered with the metabolism of IGF-II in

the blood. The mechanism of this effect, whether this
reflects increased production of IGF-II or decreased re-
moval, is unknown. As far as we know, this study was
the first on the relationship between a Met deficiency
and blood IGF-II levels, and the differences shown sug-
gest that further studies are in order.

The question arises as to interactions between circulat-
ing levels of thyroid hormones and IGF-I, which have
been previously studied in chickens. It is well estab-
lished that elevated plasma T3 reduces plasma growth
hormone levels in chickens, (see reviews by Scanes,
1987; Harvey et al., 1991). Nevertheless, research also
shows that thyroidal inhibition of growth hormone is
not related to changes in IGF-I (Lauterio and Scanes,
1988), and treatment of chicks with T3 or T4 has no effect
on levels of plasma IGF-I (Lazarus and Scanes, 1988).
In the present study, changes in circulating levels of T3

or T4 did not alter plasma IGF-I levels. With the highest
or lowest T3 levels (3.59 ng/mL in the 0.3% Met treat-
ment or 2.40 ng/mL in the controls pair-fed to the 0.2%
Met treatment, Table 4), IGF-I levels were unchanged.
With regards to T4, although the lowest plasma level
was associated with the lowest IGF-I concentration (3.58
and 25.0 ng/mL, respectively, in the 0.2% Met treat-
ment), no other interaction was apparent. Thus there
is no evidence in this study of a relationship between
changes in plasma T3 or T4 levels and circulating levels
of IGF-I.

Interactions between blood levels of thyroid hor-
mones and IGF-II in chickens have not been reported.
The relevance of IGF-II compared with IGF-I is open to
question, as no unique IGF-II receptor has been found
in birds (McMurtry et al., 1997). Nevertheless, the lowest
plasma T3 value found in chicks fed the most severely
restricted amount of the control diet (matched to the
0.2% Met treatment) was associated with the signifi-
cantly highest IGF-II value in the same treatment (Table
4). Severe feed restriction in chicks has been reported
to depress plasma T3 values (Alster and Carew, 1984;
Keagy et al., 1987) as well as increase plasma IGF-II
values (McMurtry et al., 1998). A direct comparison of
the two in a single study has not been reported. There-
fore, our results, showing this inverse relationship when
measured in the same chicks, suggest interactive effects
between the 2 hormones and deserves further study.
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